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ARTICLE
Measuring teaching skills in elementary education using the
Rasch model
Wim J. C. M. van de Grift a, Thoni A. M. Houtveen b, Henk T. G. van den Hurkb
and Oscar Terpstrab
aDepartment of Teacher Education, University of Groningen, Groningen, The Netherlands; bResearch
Centre for Education, University of Applied Sciences, Utrecht, The Netherlands
ABSTRACT
Observation scales for measuring teaching skills were developed for
both elementary education and kindergarten. Based on 500 observa-
tions, we found that both scales meet the requirements of the dichot-
omous Rasch model. These observation scales can help in finding the
zone of proximal development of teachers in elementary education
and kindergarten. This can help in improving teachers’ skills.
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Introduction
Half a century ago, teacher evaluation was mostly regarded by teacher training institutes
as a tool to help decide whether a student teacher was properly prepared for the job.
Later, teacher evaluation acquired a more central place in various international policy
documents and reports (e.g., Commissie Evaluatie Basisonderwijs [Committee Evaluation
Primary Education], 1994; Department for Education, 2012; Doherty & Jacobs, 2013;
Mourshed, Chijioke, & Barber, 2010).
The use of teacher evaluation methods received more emphasis in policy documents,
after research showed that about 15% to 25% of the difference in student achievement
can be ascribed to the work of teachers (Aaronson, Barrow, & Sander, 2007; Brandsma &
Knuver, 1989; Houtveen & Van de Grift, 2007a, 2007b; Houtveen, Van de Grift, &
Brokamp, 2014; Houtveen, Van de Grift, & Creemers, 2004; Rockoff, 2004; Roeleveld,
2003; Wijnstra, Ouwens, & Béguin, 2003). As a result, a wide range of research-based
classroom observation instruments has since been developed.
Nowadays, teacher evaluation serves three aims. These are no longer restricted to policy
aims, but now include formative and summative aims. Summative teacher evaluation
supports decisions about teacher selection and decisions about the progress of
a teacher’s career. However, it is often “forgotten” that reliable summative decisions require
more than 10 observations done by different observers (Van der Lans, Van de Grift, Van
Veen, & Fokkens-Bruinsma, 2016). Formative evaluation also requires various observations
from different observers in order to arrive at reliable decisions. In a coaching situation, this
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problem is usually solved by having a short conversation with the observed teacher, asking
questions like: “Was the lesson representative?” or “Did the teacher have the opportunity to
show all of his skills?” If the answer to these questions is “no”, then a second observation or
a second opinion is required.
This study focusses on the development of an observation instrument that is
designed to be used in a formative (coaching) context, though it may also be applied
in a summative context or for the purposes of educational research.
For use in a formative context, it is important that the observation tool offers
possibilities to make a detailed assessment of those skills that are just out of reach for
the teacher. The point is that the observation instrument should reveal the skills that the
teacher just does not show, but that are not too difficult for him to learn. With a nod to
Vygotskij (1934/2002), we propose saying that a good observation instrument should
reveal a teacher’s zone of proximal development. In this article, we will present an
observation instrument that might be helpful for the incremental coaching of teachers
in their zone of proximal development.
Theoretical and empirical background
Observation instruments
Since the 1960s, many observation instruments have been developed to evaluate the
quality of teaching (Capie, Johnson, Anderson, Ellet, & Okey, 1980; Evertson, 1987;
Evertson & Burry, 1989; Flanders, 1961, 1970; Florida Coalition for the Development of
a Performance Measurement System, 1983; Houtveen, Booij, De Jong, & Van de Grift,
1999; Houtveen & Overmars, 1996; Inspectie van het Onderwijs, 1998; Office for Standards
in Education, 1995; Schaffer & Nesselrodt, 1992; Slavin, 1987; Stallings, 1980; Stallings &
Kaskowitz, 1974; Teddlie, Virgilio, & Oescher, 1990; Tricket & Moos, 1974; Veenman, Lem,
Voeten, Winkelmolen, & Lassche, 1986; Virgilio, 1987; Virgilio & Teddlie, 1989). Most of these
instruments were originally developed for teacher training rather than research purposes.
Nowadays, we have various research instruments that meet the high demands of reliability
and validity. Some important observation instruments are presented below.
The Classroom Assessment Scoring System (CLASS) was developed by Pianta, LaParo,
and Hamre (2008) at the University of Virginia to assess classroom quality in PK-12
(preschool, kindergarten to 12th grade) classrooms. CLASS was originally designed for
early-year contexts, but was later extended to include the full age range in education.
CLASS describes multiple dimensions of teaching that are linked to student achievement
and development. CLASS has three broad domains: emotional support, classroom
organization, and instructional support. The CLASS observation instrument can be
used to assess classroom quality for both research purposes and as a tool to help new
and experienced teachers to become more effective.
The Framework for Teaching (FfT) was developed by Danielson in 2007 and revised in
2013 (Danielson, 2011). The Framework for Teaching is a research-based set of compo-
nents of instruction, grounded in a constructivist view of learning and teaching. The
complex activity of teaching is divided into 22 components (and 76 smaller elements)
clustered into four domains of teaching responsibility: planning and preparation, class-
room environment, instruction, and professional responsibilities.
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The International Comparative Analysis of Learning and Teaching (ICALT) observation
instrument was originally developed by Van de Grift and colleagues for use in the
national inspection system in the Netherlands (Van de Grift, 1985, 2007; Van de Grift &
Lam, 1998). The instrument includes 32 high-inferential and 120 low-inferential items
that specify observable teaching behaviours, grouped in six domains: safe learning
climate, classroom management, clear instruction, activating teaching methods, learning
strategies, and differentiation.
The International System for Teacher Observation and Feedback (ISTOF) was developed by
a large team of international researchers, based on the accumulated knowledge from several
decades of research in the educational effectiveness tradition (Teddlie, Creemers, Kyriakides,
Muijs, & Yu, 2006). The ISTOF framework contains 11 components of quality, of which seven
are assessed through classroom observation: assessment and evaluation, differentiation and
inclusion, clarity of instruction, instructional skills, promoting active learning and developing
metacognitive skills, classroom climate, and classroom management.
The Mathematical Quality of Instruction (MQI) is an observational rubric specific to mathe-
matics, constructed by Heather Hill and colleagues at the University of Michigan and Harvard
University. It is used to measure several dimensions of teaching students mathematical
content (Hill et al., 2008; Hill, Umland, Litke, & Kapitula, 2012). The MQI is based on a theory
of instruction, existing literature on effective instruction inmathematics, and an analysis of the
diverse teachingmethods of hundreds of teachers in the United States. MQI has five domains:
common core-aligned student practices, working with students and mathematics, richness of
mathematics, errors and imprecision, and classroom work related to mathematics.
The Generic Dimensions of Teaching Quality model was developed by Klieme and
colleagues in Germany, within the context of the Trends in International Mathematics
and Science Study (TIMSS) Video (Klieme, Schümer, & Knoll, 2001). It has been used in 18
research studies in Germany, Switzerland, and Austria, 12 of which were based on high-
inference observation protocols, 6 on student and/or teacher questionnaires. It has also
been adapted on an international scale for use in the projects of the Organisation for
Economic Cooperation and Development (OECD, 2012, 2014), such as the Teaching and
Learning International Survey (TALIS) and the Programme for International Student
Assessment (PISA), as well as for school inspection in Germany, most prominently in
Hamburg. It has three basic dimensions of quality: structure, clarity, and classroom
management; challenge and cognitive activation; supportive climate.
Some of these observation instruments were originally designed to be used in
a specific context, like young children or mathematics. Other observation instruments
are more generic in character.
The ICALT observation tool has several advantages over other instruments:
● The instrument is generic in character: It can be reliably used in classes with young
and older students, in lessons in a variety of subject matters, and in schools in
different countries (Van de Grift, 2007, 2014),
● The high- and low-inferential items of the instrument are based on the results of research
into the effects of learning and teaching (Cotton, 1995; Creemers, 1991, 1994; Ellis &
Worthington, 1994; Levine & Lezotte, 1990, 1995; Muijs & Reynolds, 2010; Purkey &
Smith, 1983, 1985; Sammons, Hillman, & Mortimore, 1995; Scheerens, 1989, 1992, 2008;
Van de Grift, 1985; Walberg & Haertel, 1992; Wright, Horn, & Sanders, 1997).
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● Previous research has shown that the items have a particular sequence in terms of
difficulty that is in accordance with the Rasch model (Van de Grift & Lam, 1998; Van
de Grift, Van der Wal, & Torenbeek, 2011).
It is for these reasons that we have decided to develop further the ICALT observation
tool, to use it for detecting the zone of proximal development of observed teachers.
Feedback
The use of feedback in the classroom has gathered a great deal of research attention
over the last decade. The models applied in this research are often based on the
feedback model developed by Hattie and Timperley (2007). In this model, feedback is
defined as the information given by a person (e.g., teacher, mentor, colleague, or others)
with regard to aspects of a person’s performance or knowledge. Feedback is therefore
a consequence of the performance. Feedback is information with which a learner can
confirm, expand, replace, or change the information stored in memory (Butler & Winne,
1995). The provided feedback can relate to knowledge as well as to opinions about
yourself and the performance of tasks, or to behaviour. Feedback has no effect within
a vacuum. To be effective, there must be a learning situation in which the feedback is
given. The question is how effective feedback is. In 12 meta-analyses of 196 studies into
the effectiveness of education, feedback in the classroom was included as an influencing
variable (Hattie & Timperley, 2007). In these studies, the average effect size of the
contribution of feedback to learning performance was .79. Feedback, in addition to
direct instruction and mutual teaching, is one of the most important factors contributing
to learning achievements. However, the effect sizes found in the studies in question vary
widely, indicating that some forms of feedback are more powerful in comparison than
others. The largest effect sizes were found in studies where students were given feed-
back on the task they had performed (ES: 1.10) as well as when they were given
instructions on how to improve their performance of the task (ES: .94). The effect of
giving compliments (ES: .14), rewarding (ES: .31), and penalties (ES: .20), on the other
hand, is much smaller. The most effective forms of feedback included giving concrete
instructions, and/or the feedback was clearly related to the goals to be achieved (Hattie
& Timperley, 2007). Feedback is more effective when it contains information about what
was right and why, and when it builds upon what went before it; in other words, when it
is regularly given and related to what should be learned. Feedback also has the most
impact when the goals to be achieved are specific and challenging, but the task to be
performed to achieve the goal is not overly complex (Kluger & DeNisi, 1996). Against the
background of the available knowledge about the effectiveness of feedback, Hattie and
Timperley (2007) developed a model for feedback aimed at promoting learning. The
main purpose of feedback in this model is to reduce the discrepancy between the
current situation or performance and a goal. For feedback to be effective, three main
questions always need to be answered: What are my goals? (Feed Up), what progress
has been made in achieving the goals? (Feed Back), and what activities should be
undertaken to get closer to the goal? (Feed Forward) (Hattie & Timperley, 2007, p. 86).
For our study, however, the important question is: What effects have been found
regarding giving feedback to teachers? Houtveen (1990) has examined the effects of
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counselling on teacher behaviour, and Thurlings (2012) has studied the mutual feedback
from teachers. In a study conducted by Van den Hurk, Houtveen, and Van de Grift (2016),
which reported the effect sizes of the growth of teaching skills after feedback on their
lessons, it was found that among teachers who received feedback on their lessons, the
effect size of skill growth, depending on the observed aspect, ranged from .29 (creating
a safe and stimulating climate) to three quarters of a standard deviation for activating
students and teaching learning strategies.
The next question is: Does the improvement of teaching skills go hand in hand with an
increase in the learning gain of students? Several small-scale field experiments, with
experimental and control groups and a pre- and post-test design, have been carried out
in order to improve the learning gain of students in elementary education with regard to
decoding, comprehensive reading, and mathematics. The treatment of these experiments
consisted in teaching and training teachers in several teaching skills based on classroom
observation and coaching. The teachers in the experimental conditions showed a growth in
their teaching skills of one quarter tomore than a full standard deviation. The learning gains
(corrected for gender, age, intelligence, and socioeconomic status) of the students in these
experimental groups exceeded the learning gains in the control groups; for decoding by
28% and 62% of a standard deviation, for comprehensive reading by 52% of a standard
deviation, and for mathematics by 36% of a standard deviation (Houtveen & Van de Grift,
2007a, 2007b; Houtveen et al., 2004). It is therefore clear that it would be worthwhile to
invest in a classroom observation instrument that is suitable for giving feedback to teachers
in their zone of proximal development.
Research aim
The aim of this study is to develop an observation instrument that might be helpful for
the incremental coaching of teachers. More precisely, we will be investigating whether
there is a specific order in the 32 items of the ICALT instrument that may be helpful in
detecting the zone of proximal development of teachers in elementary education.
Method
Short history of the ICALT observation instrument
Between 1985 and 1994, various original studies aimed at the effectiveness of teachers’
didactic actions were reviewed (Creemers, 1991; Levine & Lezotte, 1990; Purkey & Smith,
1983, 1985; Scheerens, 1989, 1992; Van de Grift, 1985; Walberg & Haertel, 1992). From
the original studies mentioned in these reviews, all teaching activities were “sieved” that
were related to the performance and/or learning gain of students, and an observation
instrument was constructed based on these activities. In the 1990s, this observation
instrument was used by the Dutch Education Inspectorate to evaluate the quality of
Dutch primary education (Commissie Evaluatie Basisonderwijs, 1994; Van de Grift, 1994).
This was the first version of what later became the “ICALT observation instrument”.
In the years that followed, more original studies were conducted that focussed on the
effectiveness of teachers’ didactic behaviour. Many of these studies were included in reviews
providing an overview of the state of knowledge about the effectiveness of learning and
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teaching (Cotton, 1995; Creemers, 1994; Ellis & Worthington, 1994; Levine & Lezotte, 1995;
Muijs & Reynolds, 2010; Sammons et al.,1995; Scheerens, 2008; Wright et al., 1997). These new
reviews, and especially the original studies into the effectiveness of teachers’ didactic beha-
viour, led to 152 different activities all related to learning achievements and/or student gains,
all of which are suitable for conducting observations in the classroom. These activities were
reformulated as items and used to construct the ICALT instrument. A version of this instru-
ment was then developed for observing teachers in primary education (Van de Grift, 2007,
2014; Van de Grift & Lam, 1998; Van de Grift et al., 2011). Later versions were also developed
for beginning teachers in secondary education (Van de Grift, Helms-Lorenz, & Maulana, 2014)
and experienced teachers in secondary education (Van der Lans, Van de Grift, & Van Veen,
2018; Van der Lans et al., 2016).
In this article, we will present a version of the ICALT instrument that is useable for
elementary education and that fulfils the demands of the dichotomous Rasch model.
The ICALT observation instrument is presented in Appendix 1.
Sample characteristics
All teachers in the sample (N = 500) had attained a teaching certification from
a University of Applied Sciences (PABO), which is a form of higher professional education
at a bachelor level. The teachers participating in this study were also all enrolled in
a master course of a full year (60 ECTS). Table 1 offers some descriptive background
statistics of the teachers in the sample.
These 500 teachers were distributed among 412 schools. In 2016, the Dutch population of
schools for elementary education consisted of 6,347 schools. Our sample of schools is there-
fore 6.5% of the population. Table 2 presents an overview of some of the regional character-
istics of the schools in our sample, in comparison with the schools in the population. The
sample shows some underrepresentation of the schools in the north of the Netherlands.
Procedure
Prior to the start of the first module of the master course, all teachers were assigned to
make a video or a digital recording of one of their lessons. During the first lesson of the
module, all recorded lessons were independently observed by two trained peer tea-
chers. Immediately after the observations, the observers discussed the observational
data in order to reach a consensus regarding the scores. The agreed-upon scores were
then entered in a digital version of the observation instrument. This digital interface
ensured the recording of the results and, at the same time, provided feedback reports. In
these feedback reports, the scores on the observation instrument were returned to both
the observed teachers and their observers.
Table 1. Some characteristics of the teachers.
Percentage male teachers 9.2
Percentage of teachers working with 4–5-year-olds (Kindergarten) 19.4
Percentage of teachers working with 6–7-year-olds 37.3
Percentage of teachers working with 8–12-year-olds 43.3
Average amount of years of experience 9.57 SD 7.94
Average class size 21.46 SD 6.85
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Training of observers
The training was based on the use of 32 high- and 120 low-inferential items. The 32
high-inferential items are the core of the observation instrument. The sum score on
these 32 items is the raw score on the instrument. These 32 items have a more
abstract (or high-inferential) character. An example of a high-inferential item is: “The
teacher adjusts instructions to relevant inter-learner differences”.
The 120 low-inferential items can also be observed during a lesson. During the
observations, the actions in these low-inferential items are simply seen or not seen.
For example, low-inferential items that belong to the high-inferential item above are:
“The teacher puts learners who need little instruction to work”, “The teacher gives
additional instructions to small groups or individual learners”, or “The teacher does
not simply focus on the average learner”. The low-inferential items are used to reach
consensus on the scoring of the high-inferential items.
All participating observers attended a half-day training session, duringwhich information
on the theoretical and empirical backgrounds of the instrument was provided. During the
training, the observers watched and entered their scores for two video-recorded lessons.
The results of the first video were used for discussions between the observers. The goal was
twofold: mutual agreement between the observers and agreement with an external stan-
dard based on the scores of experienced observers. During the training, observers with item
scores that differed (significantly) from the majority of the observers or the external
standard were invited to explain their score on the high-inferential items, along with their
scores on the low-inferential items. In this way, observers were given the opportunity to
learn to attach the same meaning to each high-inferential item. The results of the observa-
tions of the second recorded lesson were used to test whether the mutual agreement
reached at least a moderate/goodmutual consensus (Fleiss’s κ of > .60) and a disagreement
with a norm group of expert observers lower than an effect size (Cohen’s δ) of .20. The
scores of observers with strong deviations from these norms were excluded from the study.
The ICALT instrument and the rasch model
The most stringent item response model (IRT), the Rasch model (Rasch, 1960, 1961),
offers unique possibilities for arranging items and persons along a single dimension.
Every item and each person is given their specific place on this single dimension. This is
very useful for finding the zone of proximal development of an observed teacher. The
Rasch model requires the data of a scale to satisfy three assumptions:
● The scale is one-dimensional.
● The items of the scale are local stochastic independent.
● The item characteristic curves are parallel.
Table 2. Some characteristics of the schools.
Percentage of schools Population Sample
In the north of the Netherlands 17.7 5.4
In the middle of the Netherlands 60.8 69.9
In the south of the Netherlands 21.6 24.6
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We used several different procedures in order to test whether our data fit the
three assumptions of the Rasch model. First, we will report on the use of proce-
dures derived from classical test theory, like explorative and confirmatory factor
analysis. Furthermore, we also used procedures specially developed for testing the
assumptions of the Rasch model, like the Andersen’s log-likelihood ratio test and
W.-H. Chen and Thissen’s LD chi-square index for testing local dependence. In
particular, where possible, we also used “graphical tests”, like the scree plot of
eigenvalues, as well as visualisations, like estimating the slope parameters of the
item characteristic curves. The results of these procedures are reported in the
following sections.
One-dimensionality
The assumption of one-dimensionality states that observations of the items on
a scale can be ascribed to a single latent construct, in our case: teaching skill.
Although the one-dimensionality assumption of a (Rasch) scale is difficult, if not
impossible, to really prove, we can use several procedures to test whether it is
likely that a set of items form a one-dimensional scale. In the following sections,
we describe the results of the confirmatory factor analysis, perform a “graphical
test” by making a scree plot of the eigenvalues based on the correlation matrix of
items, and check whether variables other than the intended latent dimension –
teaching skill – affect the item discrimination parameters.
Confirmatory factor analysis. We carried out a confirmatory factor analysis (CFA)
with a one-factor model, using the statistical programme Mplus 7.4 (Muthén &
Muthén, 1998–2015). The usual χ2-based test is substantially affected by sample
size (Marsh, Balla, & McDonald, 1988). Therefore, for our large sample of observa-
tions, we used the comparative fit index (CFI) and the Tucker-Lewis index (TLI).
Both these indices are less vulnerable to sample size. Furthermore, we used the
root mean square error of approximation (RMSEA) to assess model fit. The norms
for acceptable fit, for both CFI and TLI, are > .90, and for RMSEA < .08 (F. Chen,
Curran, Bollen, Kirby, & Paxton, 2008; Hu & Bentler, 1999; Kline, 2005; Marsh, Hau,
& Wen, 2004; Tucker & Lewis, 1973). The results are presented in Table 3.
Both the CFI and the TLI are above the norm of .90 and the root mean square error of
approximation (RMSEA) is below the norm of .08. This is an indication of one-
dimensionality.
Table 3. Confirmatory factor analyses on 32 items and 1 factor.







Result .92 .92 .05
462 W. J. C. M. VAN DE GRIFT ET AL.
A scree plot of eigenvalues. We carried out a “graphical test” by making a scree plot of
the eigenvalues based on the correlation matrix of the 32 items of the ICALT observation
instrument. The eigenvalues of a factor analysis are plotted in Figure 1.
The first eigenvalue (8.0) is considerably larger than the second (1.8) and third (1.6)
eigenvalues. The scree plot clearly shows one dominant factor, which is a second
indication that the assumption of one-dimensionality is reasonable.
Andersen’s log-likelihood ratio test. The core of a Rasch scale is that each item finds its
place ononly onedimension. In a one-dimensional scale, the item-difficulty parameters should
not diverge for groups of teachers differing in gender, amount of teaching experience, class
size, or agegroupof students. This is often called differential item functioning. Differential item
functioning can be tested for ordinal items with a test designed by Liu and Agresti (1996), and
for polytomous items with tests designed by Camilli and Congdon (1999), Mantel (1963),
Penfield and Algina (2003), and Zwick, Thayer, andMazzeo (1997). For dichotomous items that
are used in the Raschmodel, tests designed by Andersen (1973, 1977), Cox (1958), and Fischer
and Scheiblechner (1970) can be used. We used Andersen’s (1973, 1977) log-likelihood ratio
test to compare the difficulty parameters (log δ) for each item. As norms, we used a p value of
.01 for a moderate fit and .05 for a good fit. The Andersen test is implemented in the eRm
R package (Mair & Hatzinger, 2007). The results are shown in Table 4.
The test results showed that the difficulty parameters of male and female teachers do not
differ toomuch. The same applies to itemparameters for beginning and experienced teachers
and for differences in class size. However, the difficulty parameters of several items differ for
teachers working in kindergarten and teachers working with other student age groups.
Conclusions about one-dimensionality. Both confirmative factor analysis and the
scree plot of eigenvalues gave important indications that the assumption of one-
dimensionality is reasonable. In addition, another important indication for the one-
dimensionality of the scale is the fact that the item difficulty parameters did not differ,
within reasonable boundaries, for male or female teachers, beginning or more experi-
enced teachers, and teachers working in small or large classrooms. However, several
Figure 1. A scree plot of eigenvalues.
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items do have different difficulty parameters for teachers working in kindergarten and
teachers working with older students. Most of the infringing items are about differen-
tiated instruction and teaching learning strategies. It is therefore necessary to leave out
these infringing items with observations of teachers working in kindergarten.
Local dependence
Another of the three assumptions of the Rasch model is local stochastic independence. The
assumption of local stochastic independencemeans that significant correlations between items
disappear when the effect of the intended latent variable (in this case: teaching skill) has been
partialled out. Local independence and one-dimensionality are (of course) highly interrelated.
We tested the assumption of local independencewith confirmatory factor analysis andwith the
Chen and Thissen test (W.-H. Chen & Thissen, 1997).
Confirmatory factor analysis with all residual correlations set at 0. In order to check
whether the correlations between the items had disappeared after the effect of the
latent skill was partialled out, we used confirmatory factor analysis. We formulated
a one-factor model in which all residual correlations were set at zero. In order to test
this hypothesis, we used the statistical program Mplus 7.4 (Muthén & Muthén,
1998–2015). Table 5 shows the results.
Table 5 shows that both the CFI and the TLI are above .90 and the RMSEA is below
the norm of .08, which is an indication for local independence.
Table 4. Andersen’s log-likelihood ratio test for different teacher characteristics.
A-χ2 df p value
Gender 43.85 291 .04
Gender leaving out Item 31 37.76 28 .10
Teaching experience (< 6 years versus ≥ 5 years of experience) 26.75 31 .69
Class size (< 21 students versus ≥ 20 students) 28.32 301 .55
Kindergarten vs. Group 3–42 88. 65 31 .00
Kindergarten vs. Group 3–4 leaving out Item 24 69.31 30 .00
Kindergarten vs. Group 3–4 leaving out Items 24, 32 55.79 29 .00
Kindergarten vs. Group 3–4 leaving out Items 24, 32, 25 44.02 28 .03
Kindergarten vs. Group 3–4 leaving out Items 24, 32, 25, 17 35.56 27 .09
Kindergarten vs. Group 5–8 87.88 31 .00
Kindergarten vs. Group 5–8 leaving out Item 32 75.32 30 .00
Kindergarten vs. Group 5–8 leaving out Items 32, 27 64.92 29 .00
Kindergarten vs. Group 5–8 leaving out Items 32, 27, 24 54.50 28 .00
Kindergarten vs. Group 5–8 leaving out Items 32, 27, 24, 12 49.58 27 .01
Kindergarten vs. Group 5–8 leaving out Items 32, 27, 24, 12, 17 45.03 26 .01
Kindergarten vs. Group 5–8 leaving out Items 32, 27, 24, 12, 17, 25 39.90 25 .03
Kindergarten vs. Group 5–8 leaving out Items 32, 27, 24, 12, 17, 25, 18 35.78 24 .06
Group 3–4 vs. Group 5–8 57.18 31 .00
Group 3–4 vs. Group 5–8 leaving out Item 16 44.03 30 .05
Group 3–4 vs. Group 5–8 leaving out Items 16, 27 39.56 29 .09
1Item 1 and/or Item 2 had no variance in one of the groups.
2Group 3 starts when the students are about 7 years old; in Group 8, the students are about 12 years old.
Table 5. Confirmatory factor analyses on 32 items and 1 factor residual correlations
set at 0.







Result .93 .93 .05
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The LDχ2 index. W.-H. Chen and Thissen (1997) proposed a standardized index, the LDχ2
index. This indexmaybeused to establishwhether there is a violation of the assumption of local
stochastic independence for item pairs. When the Chen-Thissen LDχ2 has a value > 10, it
indicates possible local dependence. We computed Chen-Thissen’s LDχ2 using the statistical
programme IRTPRO (Cai, Thissen, & Du Toit, 2005–2013).
Results show that four pairs of items seem to be locally dependent:
(1) “clearly specifies the lesson aims at the start of the lesson” with “evaluates
whether the lesson aims have been reached” (LDχ2:16.7).
(2) “stimulates the building of self-confidence in weaker learners” with “offers weaker
learners extra study and instruction time” (LDχ2:22.5).
(3) “adjusts instruction to relevant inter-learner differences” with “offers weaker
learners extra study and instruction time” (LDχ2:55.4).
(4) “adjusts instruction to relevant inter-learner differences” with “adjusts the proces-
sing of subject matter to relevant inter-learner differences” (LDχ2:44.6).
For all pairs, it is very clear that the mutual partial correlations have to do with a teacher’s
rationality. It is illogical to evaluate whether lesson aims have been reached, if lesson aims
have not been specified. The same is true for the other pairs of items that have to do with
differentiated teaching. The relatively high rest correlations seem to be related to the
rational behaviour of teachers and not with the interference of another dimension.
Conclusions about local dependence. Confirmative factor analysis with all residual
correlations set at zero produced a good model fit. This is an indication that the items in
the scale are local independent. Although further analysis with Chen and Thissen’s LDχ2
index showed some residual correlations in four pairs of items, these correlations do not
seem to point to interference from another dimension. On the basis of the performed
analyses, we decided not to leave out one or more items for reasons of local dependency.
Parallelism of item characteristic curves
The probability of a positive score on an item depends on the teaching ability of a teacher. If
the probability of a positive score on an item were plotted against the skill of teachers, the
result would be a smooth S-shaped curve. This is called the item characteristic curve. The
item characteristic curves of the items should be parallel, indicating that the difficulty of the
items remains the same for teachers with different abilities. We used various procedures to
check whether this was the case for the 32 items in the scale. As a first check, we applied
a procedure that has been in use for about 40 years: Andersen’s log-likelihood ratio test for
teachers with low and high scores. As a second check, the real slope parameters were
computed with a relatively new statistical procedure.
Andersen’s log-likelihood ratio test for teachers with low and high scores.
Andersen’s (1973, 1977) log-likelihood ratio test may be used to examine the equality
of the item parameters of teachers with a high and a low skill level. With the statistical
eRm R package (Mair & Hatzinger, 2007), we computed the difficulty parameters for each
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item of both teachers with low and high scores, and compared these parameters with
Andersen’s log-likelihood ratio χ2 test. The results are shown in Table 6.
These results show that with all 32 items, Andersen’s log likelihood ratio χ2 test is
50.991, with 31 degrees of freedom and a p value of .002, indicating some misfit. Leaving
out Item 24, “offers weaker learners extra study and instruction time”, shows a χ2 that is
relatively small, given the number of degrees of freedom (30). The p value is now .03,
indicating a moderate fit. Leaving out Item 25, “adjusts instruction to relevant inter-learner
differences”, indicates a good fit (p value .15). The remaining 29 items have about the
same discrimination parameters for teachers with either high or lower levels of teaching
skill. This is a first indication of parallelism in these 29 item characteristic curves.
The slopes of the item characteristic curves. The Rasch model offers more simple
possibilities for interpreting results with a difficulty parameter as well as with a slope
parameter, than the two-parameter model (Birnbaum, 1968). However, the Birnbaum
model offers the opportunity to compute the slope parameter of each item. This makes
it possible to check whether the slope parameters are parallel. We used the LTM
R package (Rizopoulos, 2006) to perform the Birnbaum model for estimating the slopes
of the item characteristic curves. The results are shown in Table 7.
The average slope (a-parameter) is 1.73. The slopes of two items (1 and 3) are steeper
(1.96 x SE) than the average slope parameter. Item 22 is more flat (−1.96 x SE) than the
average slope parameter. Steep slopes at the beginning of a scale do not disturb the
measurement process too much. This is the case with Items 1 and 3. However, a flat
slope in the middle of the measurement scale brings along serious measurement
problems. This is the case with Item 22.
Conclusions about parallelism. It is important to notice that Items 24 and 25, which
were detected with Andersen’s log-likelihood ratio test for teachers with low and high
scores, do not show an aberrant slope parameter. In fact, the item parameters of these
two items are very near to the average slope parameter. More important is the very flat
slope parameter of Item 22. It became evident that it was better leave out Item 22.
Conclusions about the fit of the rasch model
First, we noticed that the slope parameter of Item 22 was too flat. This is problematic
because this item has a difficulty parameter that lies more or less in the middle of the
scale. This hinders the precise measurement of teaching skill, in that part of the scale
where we find most of the observed teachers. It was therefore better to leave out this
item.
Table 6. Andersen’s log-likelihood ratio test for teachers with low and
high scores.
Aicc χ2 df p value
32 items 50.99 31 .00
Leaving out Item 24 39.49 30 .03
Leaving out Item 24 and Item 25 31.10 29 .15
Aicc χ2 = Andersen’s log-likelihood ratio test for testing equality of the item character-
istic curves (icc).
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Second, we noticed a different functioning of some items in the kindergarten scale in
comparison with the rest of primary education. It was therefore necessary to leave out
those items (12, 17, 18, 24, 25, 27, and 32) that pertained to differentiated instruction
and teaching learning strategies. These items do not seem to be useful for observations
of teachers working in kindergarten.
We therefore propose using a 31-item version of the ICALT instrument for use in
classrooms with students of 6 years and older and a special 24-item version for use in
kindergarten classrooms. This 24-item version can, of course, also be used in the class-
rooms with the older students, but this version will give only a modest picture of the
more advanced teaching skills related to differentiated instruction and teaching learning
strategies.
Results of the ICALT31 version
In this section, we describe the item difficulties and the person parameters of the
ICALT31 version. Information on the shorter ICALT24 version can be found in
Appendix 1.
Table 7. Slopes of the item characteristic curves.
The teacher … slope (a) SE
1 Shows respect for learners in his/her behaviour and language 3.09 .23
2 Maintains a relaxed atmosphere 2.01 .27
3 Promotes learners’ self-confidence 2.68 .26
4 Fosters mutual respect 1.85 .28
5 Ensures the lesson proceeds in an orderly manner 1.53 .25
6 Monitors to ensure learners carry out activities in the appropriate manner 1.20 .40
7 Provides effective classroom management 1.96 .28
8 Uses the time for learning efficiently 2.35 .29
9 Presents and explains the subject material in a clear manner 2.64 .63
10 Gives feedback to learners 1.59 .26
11 Engages all learners in the lesson 1.62 .39
12 During the presentation stage, checks whether learners have understood the subject material 1.49 .36
13 Encourages learners to do their best 1.82 .23
14 Teaches in a well-structured manner 1.97 .39
15 Gives a clear explanation of how to use didactic aids and how to carry out assignments 1.52 .25
16 Offers activities and work forms that stimulate learners to take an active approach 1.54 .24
17 Stimulates the building of self-confidence in weaker learners 1.89 .20
18 Stimulates learners to think about solutions 1.90 .33
19 Asks questions which stimulate learners to reflect 1.63 .32
20 Let learners think aloud 1.65 .17
21 Gives interactive instructions 1.82 .26
22 Clearly specifies the lesson aims at the start of the lesson .96 .22
23 Evaluates whether the lesson aims have been reached 1.01 .34
24 Offers weaker learners extra study and instruction time 1.15 .36
25 Adjusts instruction to relevant inter-learner differences 1.35 .28
26 Adjusts the processing of subject matter to relevant inter-learner differences 1.48 .34
27 Teaches learners how to simplify complex problems 1.76 .24
28 Stimulates the use of control activities 1.43 .27
29 Teaches learners to check solutions 1.54 .51
30 Stimulates the application of what has been learned 1.18 .26
31 Encourages learners to think critically 1.88 .20
32 Asks learners to reflect on practical strategies 1.91 .35
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Item difficulties and person parameters
The eRm R package (Mair & Hatzinger, 2007) was used to compute the difficulty parameters
for each of the 31 selected items. We chose to estimate the person parameters using Warm’s
(1989) weighted likelihood estimates. Warm’s procedure is less biased in comparison with the
traditional maximum likelihood estimates method (Hoijtink & Boomsma, 1995). Furthermore,
this procedure has the advantage that it can also be used to estimate the skills of people with
a zero and a maximum score. The programme WINMIRA (von Davier, 1994) was used to
compute the person parameters of Warm’s weighted likelihood estimates. Table 8 shows the
Wright map of the ICALT scale, with the difficulty parameters and the standard errors of the
items, and the person parameters with their standard errors and relative frequency.
We have split the items into seven groups, which largely correspond to the original scales
of the ICALT observation tool (cf. section on observation instruments). Small adjustments
have been made to provide the groups of items with whole numbers, in a simple way so
that the zone of proximal development can be made visible in an uncomplicated manner
(perfect > 4, almost perfect 3–4, teaching learning strategies 2–3; differentiation 1–2; basic
skills −1–1; and below the basic standards of teaching < −1).
In 5.3% of the observed lessons, the θ score is below −1. In these lessons, serious
problems were found in terms of realising the very basic tasks of teaching, like creating
a safe educational climate and classroom management. In other words, the atmosphere
in the classroom is not relaxed, and/or the lesson does not proceed in an orderly
manner, and/or the time for learning is not used efficiently, and/or the teaching is not
clear or not well structured. Lessons with scores below −1 cannot really be seen as
situations where students can learn. From other studies we know that beginning
teachers who have problems with teaching in a well-structured manner and with
ensuring that the lesson proceeds in an orderly manner tend to leave the teaching
job within a few years (Maulana, Helms-Lorenz, & Van de Grift, 2015; Van de Grift &
Helms-Lorenz, 2013). Presuming that no “special events” happened during the observed
lesson and that other specific reasons that may explain this low score are absent, the
“zone of proximal development” for these teachers is working on creating a safe
educational climate and maintaining orderly classroom management.
In 11.3% of the lessons, the score is between −1 and 0. In these lessons, problems
arise with basic teaching tasks, such as creating a safe educational climate, maintaining
efficient classroom management, and giving clear and structured instruction.
In 22.3% of the lessons, the score lies between 0 and 1. Basic teaching tasks are
shown: creating a safe educational climate, maintaining efficient classroom manage-
ment, and giving clear and structured instruction. In these lessons, problems are
observed with the skill of activating students. Differentiated teaching and teaching
students how to learn are skills beyond reach at this point.
In 21.0% of the lessons, the score lies between 1 and 2. Basic teaching tasks are shown:
creating a safe educational climate, maintaining efficient classroom management, giving
clear and structured instruction, as well as activating students. Differentiated teaching
seems to be the next step, while teaching students how to learn is still not a shown skill.
In 25.5% of the lessons, the score lies between 2 and 3. All basic teaching tasks are
exhibited: creating a safe educational climate, maintaining efficient classroom manage-
ment, and giving clear and structured instruction. The same goes for activating students
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and differentiated teaching. The next step for teachers with a score between 2 and 3 is
to develop the skill of teaching students how to learn.
Seven percent of the lessons show almost all basic and advanced tasks of teaching.
Teachers with a theta score of > 3 seem to master creating a safe educational climate,
maintaining efficient classroom management, giving clear and structured instruction,
activating students, differentiated teaching, and teaching students how to learn. Just
one or two of the 31 items need some improvement.
In 7.8% of the lessons, all 31 items of the ICALT scale are scored positive.
Some descriptive statistics
Table 9 shows the average scores on the ICALT31 scale of teachers working in Groups 3
to 4, and in Groups 5–8. (Group 3 starts when the students are about 7 years old; in
Group 8, the students are about 12 years old.)
As shown in Table 9, the teaching skills of male teachers do not differ significantly from
the teaching skills of female teachers. We found a small (R = .12) yet significant (p = .02)
correlation between years of experience and teaching skill. Due to the small size of the
subsamples, the differences between the five groups of teachers with consecutive years of
experience are not significant. When inspecting the effect size differences, however, we
found an effect size difference of .25 between teachers with less than 1 year of experience
and teachers with 1 to 5 years of experience, and an effect size difference of .16 between
teachers with 1 to 5 years of experience and teachers with 6 to 10 years of experience.
Cohen (1988) proposes a criterion of δ = .20 for a small effect, and Lipsey (1990) suggests
a more empirically based criterion of δ = .15 for a small effect. In order to find effect sizes of
δ > .15, significant on the .05 level, with a power of .80, we would need representative
subsamples of more than 270 teachers. It seems worthwhile to study the relationship
between years of experience and teaching skill in more detail with a larger sample.
Table 9. Descriptives of the ICALT31 scale.
n µ σ Cohen’s δ Significance
All 400 1.62 1.67
Gender
Male 41 1.70 1.77
Female 359 1.60 1.66 .06 n.s.
Years of experience (R with ICALT31 = .12; sign. = .02)
< 1 year 39 1.11 1.34
1–5 years 139 1.50 1.65 .25 n.s.
6–10 years 103 1.76 1.71 .16 n.s.
11–20 years 85 1.73 1.76 −.02 n.s.
> 20 years 34 1.95 1.72 .13 n.s.
Age group of students
6–7-year-olds 185 1.40 1.54
8–12-year-olds 215 1.80 1.76 .24 .02
Class size (R with ICALT31 = .16; sign. = .001)
< 11 34 1.04 1.54
11–15 40 1.44 1.80 .24
16–20 71 1.56 1.85 .07
21–25 125 1.53 1.52 .02
26–30 105 1.79 1.57 .17
> 30 25 2.58 1.91 .48 > 30 with < 11 .01
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Teachers in the older student age groups show significantly better teaching skills
than teachers working with younger students. The effect size difference is δ = .24.
We found a small (R = .16) yet significant (p = .001) correlation between class size and
teaching skill. Differences between very small class sizes (< 11 students) and very large class
sizes are significant, with an effect size of δ = .48. We found small effect size differences for
class sizes < 11 and between 11 to 15 students and for class sizes between 21 to 25 students
and classes with 26–30 students.
Conclusion and discussion
We found a reliable Rasch scale with 31 items for measuring the teaching skills of teachers
working with 6 to 12-year-old students. The scale is suitable for distinguishing seven zones
that give an indication of the zone of proximal development of an observed teacher.
We found no differences in the average scores of male and female teachers. As expected,
teachers who just started teaching and teachers with less than 5 years of experience
showed lower teaching skills compared with teachers with more experience. Teachers
working with older students showed better teaching skills compared with teachers working
with younger students. We found a significant though small positive correlation between
class size and teaching skill. This may be related to the quality of leadership at schools, or to
school policies in which the most skilled teachers are placed in larger classrooms.
For observing teaching in kindergarten, it appears that it would be better to use the
24-item version of the ICALT scale, as presented in Appendix 2.
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Table A2 shows the average scores on the ICALT24 scale of the total sample of 500 teachers
working in 4–5-year-olds, 5–7-year-olds, and 8–12-year-olds.









µ σ µ σ µ σ µ σ
Measurement 1 1.57 1.66 1.41 1.73 1.39 1.52 1.80 1.72
Cohen’s δ −.01 .25
Significance n.s. .01
Note: Due to missing values, the addition of Kindergarten, 6–7-year-olds and 8–12-year-olds is lower than 500.
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